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© Dye compounds and photographic elements containing such dyes. 



© A silver halide photographic element comprising a sensitizing dye of the formula: 
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wherein: 

X1 , X2, n, L, L2, R1 and R2 are as defined in the specification; 
r» Z1 represents Ar1-(L1)m, where Ar1 is a substituted or unsubstituted aromatic group, L1 is a linking group, 
^ m is 0 or 1 , and the LOGP(A) of a molecule having a structure A corresponding to a portion of the dye 
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is no more than 90% of LOGP(A'), where A' is the same as A except Z1 is replaced with unsubstituted phenyl, 
provided that L1 is not -CO- when X1 or X2 is S or Se; and 

W1 is a counterion as needed to balance the charge of the molecule. 
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Field of the Invention 

This invention relates to particular classes of dyes and photographic elements containing such dyes as 
sensitizing dyes, as well as a method of screening dyes for those which may be useful as sensitizing dyes. 

5 

Background of the Invention 

Silver halide photography usually involves the exposure of silver halide photographic element with light 
in order to form a latent image that is developed during photographic processing to form a visible image. 

w Silver halide is intrinsically sensitive only to light in the blue region of the spectrum. In order to sensitize the 
silver halide to other than the blue region, sensitizing dyes are used in the silver halide emulsion. 
Sensitizing dyes are chromophoric compounds (usually cyanine dye compounds) . Their usual function is to 
adsorb to the silver halide and to absorb light (usually other than blue light) and transfer that energy via an 
electron to the silver halide grain thus, rendering the silver halide sensitive to radiation of a wavelength 

75 other than the blue intrinsic sensitivity. However, sensitizing dyes can also be used to augment the 
sensitivity of silver halide in the blue region of the spectrum. 

Generally a sensitizing dye should wash out of the film or paper during processing. Any retained dye 
contributes to Dmin and this is often referred to as sensitizing dye stain. Dye stain, which adversely affects 
the image recorded in the photographic material, has been a source of concern for many years. The 

20 problem of retained sensitizing dye stain has been aggravated by the advent of new emulsions, such as 
tabular grains, which have more surface area and use higher dye levels and accordingly tend to give higher 
levels of dye stain. Additionally, the use of high chloride emulsions makes preferable the use of sensitizing 
dyes having enhanced adsorption to silver halide since sensitizing dyes tend to be inherently less well 
adsorbed to silver chloride emulsions. This can also lead to higher levels of dye stain. Such high chloride 

25 emulsions are also often subjected to rapid processing, which can further aggravate dye stain problems. 

In order to reduce dye stain, stain-reducing agents, such as bis-triazine stilbene compounds, also 
known as optical brighteners, have been used to reduce dye stain. These compounds, however, are 
expensive and can be difficult to incorporate in the hydrophilic layers of photographic materials. Another 
method for reducing dye stain in some cases, is to incorporate certain substituents into the dye molecule to 

30 reduce dye stain. For example, dyes containing N,N'-2-hydroxy-3-sulfopropyl nitrogen substituents (U.S. 
patent number 3,424,586) are generally less retained than the corresponding dyes with 3-sulfopropyl 
groups. Other stain-reducing nitrogen substituents have also been disclosed such as the 2-sulfoethylcar- 
bamoylmethyl groups disclosed in U.S. patent number 5,091 ,298. 

Although the foregoing dye structure modifications can be effective at reducing dye stain they have not 

35 eliminated the problem. New substituents are always desirable which will result in dyes with low dye stain. 
In addition, there is an important class of green sensitizers for which it is not possible to use these types of 
stain-reducing nitrogen substituents. In particular, benzoxazole dyes (an example is given in Formula A 
below) are commonly used to afford green sensitization in many photographic products such as color 
negative and reversal films, and color paper. 

40 




45 T V CI 

(CH2)3SQf 

CH(CH})SQ3" Formula A 



In many instances, benzoxazole dyes also produce undesirable post-process stain. However, it has not 
been possible to incorporate the aforementioned stain-reducing nitrogen substituents on these dyes 
because the benzoxazole nucleus is too reactive. For instance, attempts to place a 2-hydroxy-3-sulfopropyl 
substituent, a 2-sulfoethylcarbamoylmethyl or similar group on the benzoxazole nucleus result in ring- 
55 opening of the benzoxazole. Thus, alternative stain reducing substituents are especially needed for dyes 
containing the benzoxazole nucleus. 

Many patents disclose a variety of substituents on cyanine type dyes, including the fused back benzyl 
or napthyl rings of such dyes. For example, see US 5,108,888, US 5,093,222, 5,091,128 where the back 
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ring substituents shown include phenyl groups directly bonded to the back ring. US 3,764,340 shows 
cyanine type dyes with various back ring substituents including a benzyl group linked through a carbonyl 
group to the back ring. However, the patent specifically requires that the dye have a nucleus selected from 
benzothiazole, napthothiazole or benzoselenazole only. However, US 4,965,170 and US 5,008,181 both 

5 disclose cyanine type dyes with phenylene substituents bonded to a back ring through long linking chains. 
The compounds are intended to be light collecting dyes which are immobile due to the substituents but 
which are either oxidized during processing or are expressly only weakly adsorbed to silver halide. 

It is thus an object of this invention to provide new dye compounds useful as sensitizing dyes for silver 
halide photographic elements, which dyes have relatively low dye stain. It is a further object of this invention 

w to provide new benzoxazole sensitizers which exhibit relatively low dye stain, and to provide a method of 
screening sensitizing dyes for those which may produce only relatively low dye stain. 



Summary of the Invention 

75 The present invention provides dye compounds and silver halide photographic elements containing 
them as sensitizing dyes, which have the formula of structure I below. Such dye compounds tend to exhibit 
lower stain, particularly in a color format, than corresponding dyes without the particular back ring 
substituents required by the present invention dyes. 



20 
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30 

wherein: 

X1 and X2 each independently represents the atoms necessary to complete a 5- or 6-membered 
heterocyclic nucleus, wherein X1 may be further substituted and X2 may be substituted or unsubstituted; 

n is a positive integer from 1 to 4; 
35 p and q each independently represents 0 or l f 

each L and L2 independently represents a substituted or unsubstituted methine group, 

R1 and R2 each independently represents substituted or unsubstituted aryl or substituted or unsub- 
stituted aliphatic groups ; 

Z1 represents Ar1-(L1) m -, where Ar1 is a substituted or unsubstituted aromatic group, L1 is a linking 
40 group, m is 0 or 1, and the LOGP(A) of a molecule having a structure A corresponding to a portion of the 
dye 
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50 i= (L2-L2) p-C-H 



is no more than 90% of LOGP(A'), where A' is the same as A except Z1 is replaced with unsubstituted 
phenyl, provided that L1 is not -CO- if either or both of X1 or X2 is S or Se ; and 
55 W1 is a counterion as needed to balance the charge of the molecule. 

In the above, LOGP is a measured octanol/water partition coefficient. CLOGP is a calculated value of 
the foregoing coefficient. Therefore, wherever a LOGP value is discussed in this application with reference 
to the present invention, the corresponding CLOGP value can be used as the LOGP value. Methods for 
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determining CLOGP are described later. 

The present invention further provides a method of screening silver halide sensitizing dyes of the above 
structure I type, which method comprises calculating a CLOGP(A) of a molecule having a structure A 
corresponding to a portion of the dye. Then, the stain produced by the dye in a photographic environment 
5 is tested only if the CLOGP(A) is less than LOGP(A') or CLOGP(A'), where structures A and A' are as 
defined above. By testing the dye in a "photographic environment" in the foregoing context, is meant 
testing it in a medium of a photographic element which includes those substances which might be expected 
to be involved in the amount of dye stain produced. For example, normally this would mean a test in a 
silver halide containing gelatin layer preferably containing at least a color coupler dispersion. 

10 

Detailed Description of Embodiments of the Invention 

Examples of X1 and X2 in the above formula, include benzothiazole nucleus, benzoxazole nucleus, 
benzoselenazole nucleus, benzotellurazole nucleus, quinoline nucleus, benzimidazole nucleus, thiazoline 

75 nucleus, indoline nucleus, oxadiazole nucleus, thiadiazole nucleus, or imidazole nucleus. In particular, X1 
and X2 may be both oxaxole rings. Substituents which may be present on X1 and/or X2 include halogen 
(e.g., chloro, fluoro, bromo), alkoxy (e.g. methoxy, ethoxy), substituted or unsubstituted alkyl (e.g. methyl, 
trifluoromethyl), and others. Examples of substituents on the methine groups, L or 12 include alkyl 
(preferably of from 1 to 6 carbon atoms, e.g. methyl, ethyl, etc.) and aryl (e.g. phenyl). Additionally, 

20 substituents on the methine groups may form bridged linkages. It is preferred that other than 21 , any other 
substituents on both nucleii be non-aromatic, unless R1 and R2 are both 2-sulfoethyl, otherwise, a higher 
dye stain may be produced. 

Counterions represented by W1 are well-known in the art, and can include sodium, potassium, 
triethylammonium, and the like. When R1 or R2 represents a substituted or unsubstituted aryl, preferably it 

25 has from 6 to 15 carbon atoms. More preferably, though, at least one and preferably each of, R1 and R2, is 
a substituted or unsubstituted alkyl (preferably of from 1 to 6 carbon atoms). Preferably one, or more 
preferably both, R1 and R2 have an acid or acid salt group such as sulfo or -CH2-CO-NH-S0 2 -CH 3 . 
Examples of aryl include phenyl, tolyl, and the like. Examples of alkyl include methyl, ethyl, propyl, and the 
like, and substituted alkyl groups (preferably a substituted lower alkyl containing from 1 to 6 carbon atoms) 

30 such as hydroxyalkyl group, e.g. 2-hydroxy ethyl; a sulfoalkyl group, e.g., 2-sulfobutyl, 3-sulfopropyl , etc. 
The alkyl or aryl group may be substituted by one or more of the substituents on the above-described 
nucleii. 

Ar1 in Z1 is a substituted or unsubstituted aromatic group. The definition of aromatic rings is described 
in J. March, Advanced Organic Chemistry , Chapter 2, (1985), John Wiley & Sons, New York). The aromatic 

35 group can be a hydrocarbon or heterocyclic. Examples of unsubstituted aromatic groups are phenyl, 
thiophene, furan, and pyrrole, etc. L1 and any substituents on Ar1 preferably maintain the relatively planar 
shape of Ar1 -(L1 ) m -nucleus- portion of the dye molecule. Examples of such substituents include halogen, 
alkyl (where methyl is preferred over ethyl), alkoxy (for example, methoxy), amides (for example, methylcar- 
boxamido) and the like. Preferably substituents on AM should not be charged (for example, a sulfo group 

40 on Ar1 would be less preferred). L1, when present, may have a chain of atoms linking Ar1 with X1, which 
chain may, for example, be limited in length to no more than 1, 2 or 3 atoms. Furthermore, L1 preferably 
has a Hammett a constant which is no more than 0.40 (and may even be 0.30 or less, or 0.20 or less). 
Hammett aconstants are a known measure of electron withdrawing strength, and can be determined in a 
known manner (for example, see J. Hine, Physical Organic Chemistry , 2nd ed., McGraw-Hill, N.Y., 1962, p. 

45 90, and for Hammett values and a discussion of their meaning see Hansch and Leo, Substituent Constants 
for Correlation Analysis in Chemistry and Biology , John Wiley & Sons, New York 1979). 
Optionally, Zi does not contain both an amide group and an aromatic group. 

Optionally, 2i does not contain a hydroxyarylacyl group of formula HO-Ar-CO- (particularly an a- 
hydroxyarylacyl of this formula) in which Ar is an aromatic ring, where Ar may optionally be appended or 
50 fused to Xi . 

Optionally, Zi excludes a pyrrole or furan containing group. 

As described above, the LOGP(A) is no more than 90% of LOGP(A'), and preferably no more than 80% 
(or even 70%, 60% or 50% or less) of LOGP(A'). The foregoing relative LOGP values may be evaluated 
.using calculated LOGP ("CLOGP") values. CLOGP values are preferably calculated using the commercially 
55 available Medchem software package, release 3.54, developed and distributed by Pomona College, 
Claremont, California, or by the methods described in A. Leo and C. Hansch, Substituent Constants for 
Correlation Analysis in Chemistry and Biolo gy, Wiley, New York (1979). - - — 
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When m in the above formula is 0, the aromatic group is appended directly to the dye molecule. In 
such case it Is preferred that the aromatic group not have substituents, other than hydrogen, a to the point 
of attachment. For example 3,4-dimethylpyrrole-1-yl would be preferred over 2,5-dimethylpyrrole-1-yl. 
Substituents a to the point of attachment may cause the aromatic group to rotate out of the plane of the dye 
5 molecule and may disrupt dye aggregation resulting in poor sensitization. 

The dye of the photographic element may further have a structure such that: 

[LOGP(A') - LOGP(A)] + [LOGP(B') - LOGP(B)] £ -0.55 

70 Or preferably the above figure is £ -0.30 (or even greater than or equal to -0.20, -0.10, or 0). In the above 
LOGP(B) is the LOGP of a molecule having a structure B corresponding to a portion of the dye: 



structure B 

15 

/ 

20 H-P«(L2-L2) q «k 



and B' is the same as B except X2 is unsubstituted (thus, if the dye has no substituents on X2 then B and 
B! are the same). By structures A and B each "corresponding" to a portion of the dye is meant that each 
25 has the same structure as a corresponding end of the dye with the exception that in each case, the bond 
between the ring C and bridging L of the dye has been replaced with a C-H bond and the molecule is 
neutral. 

Sensitizing dyes of general Formula I of the present invention, may particularly be of the type of 
Structure II below: 



30 



35 



Structure II 



40 




wherein: 

X1 and X2 independently represent the atoms necessary to complete a benzothiazole nucleus, 
45 benzoxazole nucleus, benzoselenazole nucleus, benzotellurazole nucleus, quinoline nucleus, or ben- 
zimidazole nucleus in which X1 may be further substituted and X2 may be substituted or unsubstituted; . 

n, L, R1 , R2, Z1 and W1 are as defined above in connection with Structure I. Note that structures A and 
B with reference to Structure II, while having the same general formulae as provided above, will specifically 
be as shown below (that is, q = 0 in the case of Structure II): 

50 

structure A structure B 



55 
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Further, sensitizing dyes of structure I of the present invention may particularly be of Structure III or IV 
below: 



Structure III 




Structure IV 



20 




25 

In the above Structure III and IV, Z1, R1, n and W1 are as defined above in connection with Structure I. Qi 
and Q 2 independently represent O, N, or S. In Structure III, while the benzene rings may have substituents 
in addition to Z1, any such substituents are preferably non-aromatic. In Structure IV, R5 is a substituted or 
unsubstituted lower alkyl, or H, and Z2 is H or a non-aromatic substituent. In Structure IV the Z1 and Z2 are 
30 preferably on the 5-positions of their respective benzene rings, and Z1 and Z2 may be the only 
substituents. Note that specific structures A and B for Structure ill dyes would be: 

structure A structure B 

35 




40 

while specific structures A and B for Structure "IV dyes would be: 



structure A structure B 




Zi of the above dyes may optionally exclude aromatic rings with a pendant hydrazide, as well as non- 
planar linking groups for L1 or and L1 containing a carbonyl carbon directly bonded to an aromatic ring of 
Xt. Additonally, Zi may optionally exclude an aryl ring containing more than one nitrogen atom, particularly 
55 triazoles or tetrazoles. 

Photographic elements of the present invention may additionally include a dispersion of a water- 
immiscible solvent into which the sensitizing dye can migrate. Typically, such solvent will contain a color 
coupler. 



7 



EP 0 599 384 A1 



In one version of the screening method of the present invention, the stain produced by the dye in a 
photographic environment is tested only if the value of CLOGP(A) is no more than 90% of the LOGP(A') or, 
more preferably, no more than .90% of the CLOGP (A'). Dyes tested may be further limited to those having 
a CLOGP(A) no more than 80% (or 70%, 60%, 50% or less) of LOGP(A') or CLOGP (A') (preferably the 
latter). Further limitations on the screening parameters to obtain a smaller class of dyes for testing, include 
limiting testing to those dyes having: 

[LOGP(A') - LOGP(A)] + [LOGP(B') - LOGP(B)]) £ -0.55 

or the above figure can be limited to greater than or equal to -0.30 (or -0.20, -0.10, or 0). The dyes 
screened or tested can be further limited to those having Structure II, III or IV. 

Precursors of dyes of Formula I can be made by techniques that are known in the art. For example, 
reaction of a 5-amino base with an aromatic (B) acid chloride affords an aromatic amide-substituted base. 



O 




Nitration of an aromatic (Ar) substituted base followed by reduction affords an amine. Reaction with an acid 
chloride affords an amide-substituted aromatic base. 




A review of the synthesis of substituted pyrroles is provided by G. P. Bean, Pyrroles , R. A. Jones, Ed. .John 
Wiley & Sons, Inc., New York, 1990, Chapter 2. A review of furan synthesis is provided by F. M. Dean, 
Advances in Heterocyclic Chemistry , A. R. Katritzky, Ed., volume 3.0, Academic Press, New York, 1982, p 
167. 

A pyrrol-1-yl substituted base can be made by reaction of an amino base with 2,5-dimethox- 
ytetrahydrofuran. 




Preparation of a diazonium salt from an amino-substituted base followed by decomposition in the presence 
of furan results in formation of the furan-2-yl substituted base. 
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Dyes of formula I can be prepared from the above dye precursors according to techniques that are 
known in the art, such as described in Hamer, Cyanine Dyes and Related Compounds , 1964 and James, 
The Theory of the Photographic Process 4th, 1977. 

The amount of sensitizing dye that is useful in the invention is preferably in the range of 0.1 to 4.0 
5 millimoles per mole of silver halide (although more might be used in specific cases) and more preferably 
from 0.2 to 2.2 millimoles per mole of silver halide. Optimum dye concentrations can be determined by 
methods known in the art. 

The silver halide used in the photographic elements of the present invention may be silver bromoiodide, 
silver bromide, silver chloride, silver chlorobromide, and the like. The silver halide used in the photographic 

10 elements of the present invention preferably contains at least 90% silver chloride or more (for example, at 
least 95%, 98%, 99% or 100% silver chloride). In particular, the possibility is also contemplated that the 
silver chloride could be treated with a bromide solution to increase its sensitivity, although the bulk 
concentration of bromide in the resulting emulsion will typically be no more than about 2 to 2.5% and 
preferably between about 0.6 to 1 .2% (the remainder being silver chloride). The foregoing % figures are 

75 mole %. 

The photographic elements of the present invention preferably use the sensitizing dye with tabular grain 
emulsions. Tabular silver halide grains are grains having two substantially parallel crystal faces that are 
larger than any other surface on the grain. Tabular grain emulsions are those in which greater than 50 
percent of the total projected area of the emulsion grains are accounted for by tabular grains having a 
20 thickness of less than 0.3 urn (0.5 urn for blue sensitive emulsion) and an average tabularity (T) of greater 
than 25 (preferably greater than 100), where the term "tabularity" is employed in its art recognized usage 
as 

T = ECD/t 2 

25 

where 

ECD is the average equivalent circular diameter of the tabular grains in urn and 

t is the average thickness in urn of the tabular grains. 
The grain size of the silver halide may have any distribution known to be useful in photographic 
30 compositions, and may be ether polydipersed or monodispersed. 

The silver halide grains to be used in the invention may be prepared according to methods known in 
the art, such as those described in Research Disclosure , (Kenneth Mason Publications Ltd, Emsworth, 
England) Item 308119. December, 1989 (hereinafter referred to as Research Disclosure I ) and James, The 
Theory of the Photographic Process . ~~ 
35 The photographic elements of the present invention, as is typical, provide the silver halide in the form of 
an emulsion. Photographic emulsions generally include a vehicle for coating the emulsion as a layer of a 
photographic element. The emulsion can also include any of the addenda known to be useful in 
photographic emulsions. 

The silver halide may be sensitized by dyes of the present invention by any method known in the art, 
40 such as described in Research Disclosure I . The dye may be added to an emulsion of the silver halide 
grains and a hydrophilic colloid at any time prior to (e.g., during or after chemical sensitization) or 
simultaneous with the coating of the emulsion on a photographic element. The dye/silver halide emulsion 
may be mixed with a dispersion of color image-forming coupler immediately before coating or in advance of 
coating (for example, 2 hours). Essentially any type of emulsion (e.g., negative-working emulsions such as 
45 surface-sensitive emulsions of unfogged internal latent image-forming emulsions, direct-positive emulsions 
such as surface fogged emulsions, or others described in, for example, Research Disclosure I ) may be 
used. The above-described sensitizing dyes can be used alone, or may be used in combination with other 
sensitizing dyes, e.g. to also provide the silver halide with sensitivity to wavelengths of light outside the 
green region or to supersensitize the silver halide. 
50 Other addenda in the emulsion and other photographic layers, may include those well-known in the art 
which are disclosed in Research Disclosure I and the references cited therein. The emulsion may also 
include brighteners, such as stilbene brighteners. Such brighteners are well-known in the art and are used 
to counteract dye stain, although the dyes of the present invention generally have low dye stain even if no 
brightener is used. 

55 The emulsion layer containing silver halide sensitized with a dye of the present invention can be coated 
simultaneously or sequentially with other emulsion layers, subbing layers, filter dye layers, interlayers, or 
overcoat layers, all of which may contain various addenda known to be included in photographic elements. 



9 



EP0 599 384 A1 



Photographic elements of the present invention can be black and white but are preferably color. A color 
photographic element generally contains three silver emulsion layers or sets of layers (each set of layers 
often consisting of emulsions of the same spectral sensitivity but different speed): a blue-sensitive layer 
having a yellow dye-forming color coupler associated therewith; a green-sensitive layer having a magenta 

5 dye-forming color coupler associated therewith; and a red-sensitive layer having a cyan dye-forming color 
coupler associated therewith. Those dye forming couplers are provided in the emulsion typically by first 
dissolving or dispersing them in a water immiscible, high boiling point organic solvent, the resulting mixture 
then being dispersed in the emulsion. Suitable solvents include those in European Patent Application 
87119271.2. Dye-forming couplers are well-known in the art and are disclosed, for example, in Research 

w Disclosure I . ~ 

Photographic elements comprising the composition of the invention can be processed in any of a 
number of well-known photographic processes utilizing any of a number of well-known processing composi- 
tions, described, for example, in Research Disclosure I , or in James, The Theory of the Photographic 
Process 4th, 1977. 

75 The relationship between the LOGP(A) and LOGP(A') and similarly, LOGP(B) and LOGP(B'), of dyes of 
Structure I, was determined based on the recognition that one of the major factors which leads to dye 
retention in color system is interaction of the sensitizing dye with a coupler dispersion during processing. A 
secondary, but important factor, can be aggregation (or precipitation) of the dye in gelatin during 
processing. Considering the interaction of sensitizing dye with coupler dispersion, it is possible to view the 

20 dispersion as an 'organic 1 solvent. In this model, as the dye is washing out of the coating, it partitions 
between coupler dispersion and the aqueous processing solution. Since most dyes in color systems have 
sulfonate solubilizing groups, it is most likely that the dye only partially partitions into the dispersion and the 
sulfonate groups remain in the aqueous phase. 

This partitioning process was evaluated from the perspective of the dye's hydrophobicity and was 

25 modeled by an octanol/water two phase system. Octanol/water partition coefficients (P) are a known 
measurement of hydrophobicity, that is the tendency of a compound to be partitioned in nonpolar phase 
versus an aqueous phase of an organic/aqueous mixture. They are derived by mixing a compound with a 
water and 1-octanol and determining the ratio of the concentration of the compound in octanol to that in 
water at equilibrium. While LogP is a measure of the hydrophobicity of an entire molecule, the parameter it 

30 is the relative hydrophobicity of substituents and is defined, for a substituent X, as 

*x = logPx - logP H 

where P x is the partition coefficient of a derivative with substituent X, and P H that of the parent compound. 

35 The -n parameter is very useful when working with a set of derivatives of a parent compound in which a 
large portion of the structure remains constant. These parameters are further described by Leo and Hansch, 
Substituent Constant for Correlation Analysis in Chemistry and Biology , Wiley, New York (1979). 

It is relatively difficult to measure partition coefficients for cyanine dyes because they readily associate 
in water forming dimers or higher aggregates and this leads to erroneous logP values. An alternative 

ao method of measuring relative logP for compounds is by determining isocratic HPLC retention times which 
are known to be related to log P values. See, for example, Journal Medicinal Chemistry , V. 18, 549 (1975); 
Journal Medicinal Chemistry , V. 19, 615; and Journal Medicinal Chemistry , V. 24, 262. We have found that 
this method works very well for cyanine dyes. If coupler dispersion interactions are the principle cause of 
dye stain, our model would predict that in a series of dyes, dye stain would decrease as the dyes become 

45 less hydrophobic. Thus low staining dyes would have low HPLC retention times which corresponds to low 
log P values. 

However, it would be advantageous if the effect of changes in dye structure on dye stain properties 
could be predicted before new dyes were synthesized. We have found such effect can be predicted based 
on the impact a structure change has on the dye's logP. Methods have previously been developed that 

so allow calculation of a logP values for a molecule, refered to as CLOGP. The procedure involves breaking 
the molecule into fragments and summing the contribution to the calculated log P for each of the fragments 
along with any interaction terms between fragments. These calculations are relatively simple provided the 
fragment values are known, and have been further simplified by commercially-available software packages 
which will calculate log P values upon entering a molecular structure. However, suitable fragment values are 

55 not available for a cyanine dye. 

In view of the foregoing, a simplified case was examined by first considering the substituents on a 
molecule of structure A corresponding to a portion of a benzoxazole dye. Calculated LOGP values can be 
readily obtained for various substituents (X) on structure A using, for example, the Medchem software 
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previously described. Values of a substituent hydrophobicity parameter, ir x , for substituents X, were 
determined by calculating CIOGP for the structure A substituted with X and subtracting CLOGP value 
(1.435) for the parent benzoxazole nucleus (Structure A, X = H). CLOGP values were calculated using the 
commercially-available Medchem software package, release 3.54, developed and distributed by Pomona 
5 College, Claremont; California, -n values can be derived from these CLOGP values. For example, the tt x 
value for a phenyl group (X = C6H5) is equal to CLOGP (5-phenylbenzoxazole) - CLOGP (benzoxazole) = 
3.32- 1.435 = 1.89. 



Structure A 




J5 Some particular CLOGP values are provided in Table A below for the molecule shown with various types of 
X and Y. Each value under "CLOGP Ratio" is the CLOGP for the particular molecule divided by the CLOGP 
of the same molecule but with X being replaced by phenyl, multiplied by 100, that Is: 
CLOGP Ratio = (CLOGP of molecule)/(CLOGP of same molecule but with X = Phenyl) x 100 
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TABLE A 






5 










10 


X 


Y 


CLOGPx 


CLOGP Ratio 


15 




0 


3.323 


100 






s 


3.919 


100 


20 




N-Et 


4.133 


100 


25 


<0^ch 2 - 


0 


3.352 


101 






S 


3.948 


101 


30 


y v 


N-Et 


4.162 


101 


oo 


0 


0 


2.670 


80 


40 


0 
II 


S 


3.276 


84 


45 


o-L 


N-Et 


3.488 


84 



50 



55 
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0 


4.036 


122 


5 




s 


4.632 


118 


10 




N-Et 


4.846 


117 


15 












X 


y 


ClOgPx 


CLOGP Ratio 


20 


0 


0 


3.080 


93 


25 


0 


s 


3.686 


94 


30 


0 


N-Et 


3.898 


94 


35 


0 

CH 3 CNH ^ 


O 


2.342 


71 


40 


o 

CH 3 CNH ^ 


S 


2.938 


75 


45 


0 

CH 3 CNH ^ 


N - Et 


3.152 


76 


50 


0 

CM™- 


0 


2.397 


72 



55 

f 
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2.993 76 



w 



<0^~ cnh " 



N-Et 3.256 



77 



75 
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MJJ 


v 

y 
o 


2.709 


CLOGP Ratio 
82 




Q 

o 




OH 




N-Et 


3.519 


85 




0 


2.149 


65 




S 


2.745 


70 




N-Et 


2.959 


72 
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5 



10 


X 

©>- 


y 

0 


ClOgPx 
1.939 


CLOG? Ratio 
100 


15 




s 


2.535 


100 




0- 


N-Et 


2.749 


100 


20 




0 


2.664 


1.37 


25. 




S 


3.262 


129 






N-Et 


3.473 


126 


30 


CH 3°— O— 

\ / 


0 


1.949 


101 




CH 3°—(0>- 


S 


2.546 


100 


35 


CH 0—/C^)— 


N - Ft 


2.766 


101 


40 


0 

CM™- 


0 


1.256 


65 


45 


0 


s 


1.852 


73 


50 


0 

<0>-"«H- 


N-Et 


2.197 


80 
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y 


ClOgPx 


CLOGP Ratio 




0 


1.325 


68 




s 


1.921 


76 




N-Et 


2.135 


78 


M 


0 


0.899 


46 




S 


1.495 


59 




N-Et 


1.721 


63 



x y ClogP 

Q. O 2.177 

a- S 2.779 

CI- N-Et 2,986 

CH V O 1.934 

CHv S 2.530 

CH V N-Et 2.744 
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r\ 
U 


A flAO 

0.908 


5 




s 


1.504 




CH^CONH- 


N-Et 


1.767 


10 


ri- 


O 


1 A 1 C 

1.435 




H- 


S 


2.031 


75 


H- 


N - Et 


2.245 


ciCH r 


0 


1.997 


20 


ClCH r 
ClCH r 


S 

N-Et 


2.593 
2.807 


25 








30 


X 


y 


CiogP 






u 


0.613 


35 


pi 


o 
o 


I.219 




ci- 


N-Et 


1.421 


40 


H- 


0 


-0.159 




H- 


S 


0.437 


45 


H- 


N-Et 


0.65 1 



When CLOGP(A) is less than CLOGP(A'), where A' is the same molecule as A except with an 
unsubstitued phenyl replacing X, the dye stain of a dye with nucleus A is expected to be less than the 
so same dye with nucleus A'. In view of this, CLOGP values of molecules A each corresponding to a portion of 
the benzoxazole dye shown below in Table IIIA were calculated. In the case of Z1 = phenyl, this would 
represent a molecule A'. Dyes of the present invention would have a CLOGP equal to 3.00 or less (that is, 
90% or less of the CLOGP of the phenyl dye). 
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TABT.F, TTTA 




Comparison 



0 

Comparison* 




2.71 



MeCNH-^~y- 2. 34 



CO 



N+ 

II R 1 «2 A' z 1 

Zi CLOGP Zi CLOGP 



(3~ 3.32 Mef 



^NH 



Comparison 

P OH. 



C-NH- 
OH 



Q-Lh- 2.40 {^-Lh. 1-27 



2.34 



O 2.28 
NHC- 



2.20 



2.15 



OH O 
^NH-Lh- 2.64 H )~V?. N H- 2 '° 7 



N " 2 -54 ^-O-NH- 1-57 



*Meets hydrophobicity requirement but has 
substituents a to the point of attachment. 



Examples of compounds according to formula I of the present invention would include those listed in 
Table IV: 



19 



EP 0 599 384 A1 



Zi 



Table IV 




Ri R2 



Dve Zi Z? Ri,R? a 

11 ^~^-C-NH- CI 3SB,SP 

1-2 " CI SP,SP 

1-3 " F SP,SP 

1-4 " F 3SB,SP 

1-5 " =Zi SE,SE 

X " 6 MeCNH-^^- CI SP,SP 

1-7 " CI 3SB,SP 

1-8 " CI SE,SP 

1-9 " F SE,SP 

1-10 " F SP,SP 

1-11 " =Zi SE,SE 

1-12 " Br SE,SP 

M or NH 

1-13 . 8 Sf > T-\ Cl 3SB,SP 



1-14 " F 3SB,SP 

1-15 " =Zi SE,SE 

1-16 «_ nh _ Ci 3SB,SP 



1-17 " Cl Et,SP 

1-18 " F 3SB,SP 

1-19 " =Zi SE,SE 

1-20 ^\ -V Cl 4SB,SP 

(I V C-NH- 

OH 

1-21 C^-C-NH- Cl 3SB,SP 

1-22 » =zi SE,SE 

1-23 (^~^" NH - C1 ^SB,4S 

1-24 i Cl SP.SP 



20 



1-38 
1-41 

1-42 



EP 0 599 384 A1 



Table IV (Cont.) 



Ct 



O-NH- 



Ct 




Dye Zi Z? 

1-25 " CI 

1-26 " F 

1-27 " F 

1-28 " F 

1-29 " -Zi 

1-30 " Br 

i-3i Sytm- cl 3SB ' SP 

1-32 " Cl SP,SP 

1-33 " F 3SB,SP 

1-34 " Br SP,SP 

1-36 M I SP,SP 

X " 37 / \-NH C C1 SP ' SP 



H /T~\ ,9 Cl SP,SP 
V __V C-NH- 

C" =21 SP,SP 
V-C-NH- 

-Zi SP,SP 



1-43 r* 8 ^ Cl SP,SP 

1-44 " F SP,SP 



H 

1-45 ^|VL Cl SP,SP 



1-46 " F SP,SP 

1-47 Cl SP,SP 

1-48 " Cl SP,SE 

1-49 " F SP,SP 

1-50 " =21 SP,SP 
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Table IV (Cont.) 




10 



Dye 



_52_ 



15 



25 



30 



35 



1-39 

1-51 
1-52 



OH 
O 



a- 



=Zi SP,SP 



=Z1 
CI 



SP,SP 
SP,SP 



20 




1-35 



1-53 



.OH 
f_VC-NH- 

"o- 



CI SP,SP 



CI SP,SP 



a SE is 2-sulfoethyl, SP is 3-sulfopropyl, 3SB is 3- 
sulfobutyl, 4SB is 4-sulfobutyl . 
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The present invention is described further in the following Examples. 
Synthesis Example 1 - Synthesis of Dye I-23 

Intermediate A: 5-(2-Furancarboxamido)-2-methylbenzoxazole: 5-Amino-2-methyibenzoxazole (14.8 g, 
0.100 mol) and 2,6-lutidine (12.0 g, 0.111 mol) were combined with 100 mL of tetrahydrofuran (THF) and 
the solution was cooled to 3 °C in an ice-bath under nitrogen. 2-Furoyl chloride (13.7 g, 0.105 mol) in 20 mL 
of THF was added dropwise so as to keep the temperature below 10 °C. After addition the ice-bath was 
removed and after stirring for 1 hr the mixture was poured into 300 mL of water. The solid was collected 
and washed with water and dried. This afforded 21.1 g (87% yield) of product; m.p. 156- 158 °C. 

Intermediate B: Anhydro-5-(2-furancarboxamido)-2-methyl-3-(4-sulfobutyl)benzoxazolium hydroxide : 5- 
(2-Furancarboxamido)-2-methylbenzoxazole (5.0 g, 0.021 mol) was combined with 1 ,4-butanesultone (3.0 
mL, 0.029 mol) and 5 mL of butyronitrile and heated at reflux for 21 hrs. The solid formed was collected 
and washed with acetone and dried (4.1 g, 52% yield). 

Preparation of Anhydro-5-chloro-9-ethyl-5 , -(2-furancarboxamido)'3'-(4-sulfobutyl)-3-(3-sulfopropyl)- 
oxacarbocyanine triethylammonium salt (Dye 1-23) : Anhydro-5-(2-furancarboxamido)-2-methyl-3-(4-sul- 
fobutyl)benzoxazolium hydroxide (2.5 g, 6.65 mmol) was combined with anhydro-5-chloro-2-(2-ethox- 
ybutenyl)-3-(3-sulfopropyl)benzoxazolium hydroxide (2.5 g, 6.68 mmol) and 20 mL of m-cresol and heated 
to 127 °C. Triethylamine (5 mL) was added and the mixture was heated for 5 min. with stirring. The mixture 
was removed from the heat, chilled in an ice-bath, and diluted with ether. The orange oil that formed was 
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dissolved in 50 mL of ethanol and potassium acetate (2.5 g) was added. The product precipitated and was 
collected. The dye was purified by treatment with hot methanol and then by dissolving it in m-cresol and 
methanol and re-precipitating it by adding acetone. This afforded 580 mg (12% yield) of dye; l-max = 502 
nm (MeOH), e-Max = 14.5 x 10 4 . 



Anal Calcd for: C31H31CIO10N3S2K-I.5 H 2 0: 


Found: 


C, 48.23; 
C, 48.21; 


H. 4.41; 
H, 4.39; 


N, 5.44. 
N, 5.37. 



Synthesis Example 2 - Synthesis of Dye I-43. 

Intermediate C: 5-(pyrrol-1-yl)-2-methylbenzoxazole: 5-Amino-2-methylbenzoxazole (30.0 g, 0.203 mol) 
and 2,5-dimethoxytetrahydrofuran (30.0 g, 0.227 mol) were combined with 90 mL of acetic acid and the 
solution was heated at reflux for 1 hr. The mixture was evaporated to a red slurry and mixed with hexane to 
give a dark solid. The solid was dissolved in methylene chloride and extracted with basic water. The organic 
phase was removed, dried, and evaporated to a brown solid. Recrystallization from hexane/heptane afforded 
18 g (45 % yield) of product, m.p. 115 -121 °C. 





Anal. Calcd for C12H10N2O: 






C, 72.72; 


H, 5.08; 


N, 14.13. 


25 


Found: 


C, 72.51; 


H, 4.97; 


N, 14.03. 



Intermediate D: Anhydro-5-(pyrrol-1-yl)-2-methyl-3-(3-sulfopropyl)benzoxazolium hydroxide : 5-(Pyrrol-1- 
yl)-2-methylbenzoxazo!e (2.0 g, 0.01 mol) was combined with 1 ,3-propanesultone (1.81 g, 0.015 mol) and 
1.5 mL of valeronitrile and heated at 138 °C for 2 hrs. The solid formed was collected and washed with 
30 acetone and dried (3.0 g, 94% yield). 





Anal. Calcd for C15H16N2SO4: 






C, 54.65; 


H, 5.16; 


N, 8.50. 


35 


Found: 


C, 54.93; 


H, 4.81 ; 


N, 8.46. 



Preparation of Anhydro-S-chloro-O-ethyl-S'-foyrroH -y l)-3,3'-di(3-sulfopropyl)oxacarbocyanine hydroxide 
potassium salt (Dye I-43) : Anhydro-5-(pyrrol-1-yl)-2-methyl-3-(3-sulfopropyl)benzoxazolium hydroxide (3.2 g, 
1 0 mmol) was combined with anhydro-5-chloro-2-(2-ethoxybutenyl)-3-(3-sulfopropyl)benzoxazolium hydrox- 
ide (3.8 g, 10 mmol), 10 mL of m-cresol and triethylamine (5 mL) and heated at 95 °C for 30 min. The 
mixture was removed from the heat, chilled in an ice-bath, and diluted with ether. The orange oil that 
formed was dissolved in 400 mL of methanol and potassium acetate (5.0 g) was added. The product 
precipitated and was collected. The dye was purified by recrystallization from pyridine / water and then 
recrystallization from propionic acid, followed by recrystallization from acetic acid. This afforded 300 mg 
(4% yield) of dye; X-max = 501 nm (MeOH), f -Max = 14.3 x 10*. 



50 



Anal Calcd for: C29H29CIN3O8S2K-2.O H 2 0: 


Found: 


C, 48.18; 
C, 48.36; 


H, 4.57; 
H, 4.14; 


N, 5.82. 
N, 5.83. 



Synthesis Example 3 - Synthesis of Dye I-47. 

Intermediate E: 5-(Furan-2-yl)-2-methylbenzoxazole: 5-Amino-2-methylbenzoxazole (7.0 g, 0.05 mole), 
isopentyl nitrite (20 mL), and furan (230 mL) were combined and heated with stirring at 30 °C in a round- 
bottom flask equipped with a condenser. After heating for 48 hrs, the reaction mixture was removed from 
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the heat, washed with water, and then evaporated to an oil. Distillation afforded the product ( 4.0 g, 43% 
yield), bp 130 -140 °C (0.6 mm). Recrystallization from ispropyl alchohol (14 mL) afforded 3.0 g (32% 
yield), mp 60 °C. 

Intermediate F: Anhydro-5-(furan-2-yl)-2-methyl-3-(3-sulfopropyl)ben20xazormm hydroxide : 5-(Furan-2- 
yl)-2-methylbenzoxazole (40.0 g, 0.2 mol) was combined with 1 ,3-propanesultone (25 g, 0.2 mole) and 
butyronitrile (100 mL) and heated at reflux for 18 hrs. The mixture was cooled to 25 °C and the product was 
collected and washed with butyronitrile and then ether. This afforded 55 g (86% yield) of D. 

Preparation of Anhydro-S-chloro-g-ethyl-S'^furan^yl^^'-ditS-sulfopropyOoxacarbocyanine hydroxide 
potassium salt (Dye t-47 : Anhydro-5-(furan-2-yl)-2-methyl-3-(3-sulfopropyl)benzoxazolium hydroxide (3.2g, 
10 mmol) was combined with anhydro-5-chloro-2-(2-ethoxybutenyl)-3-(3-sulfopropyl)benzoxazolium hydrox- 
ide (4.0 g, 11 mmol), 20 mL of acetonitrile, and triethylamine (3 mL) and heated at reflux for 3 min. The 
mixture was cooled and then diluted with ether to give an orange oil. The ether was decanted; the oil was 
dissolved in pyridine (20 mL) and potassium acetate (1.0 g) in water (5 mL) was added. After heating to 
reflux, the mixture was cooled to 25 °C and the solid was collected. Recrystallization from pyridine/water, 
followed by a second recrystallization from acetic acid afforded the product (0.45 g, 7% yield), X-max = 
503 nm (MeOH), € -max = 15.71 x 10*. 



Anal Calcd for: C29H28CIN2O9S2K-2.O H 2 0: 


Found: 


C, 48.16; 
C, 47.93; 


H, 4.46; 
H, 3.90; 


N, 3.87. 
N, 3.81. 



Photographic Evaluation Example 1: Black and white photographic materials. 

Black and white photographic materials were prepared by coating a polyester support with a silver 
halide emulsion layer containing chemically-sensitized 0.2 urn cubic silver bromoiodide (2.6 mol % I) at 
10.8 mg Ag/dm 2 , hardened gelatin at 73 mg/dm 2 , and sensitizing dye as identified in the Table III at 0.8 
mmole/mole Ag. The elements were given a wedge spectral exposure and processed in RP X-OMAT 
chemistry (a developer containing hydroquinone and p-methylaminophenol as developing agents). 

The photographic speed of the dyes is reported (Table VI) in terms of a sensitizing ratio (SR), which is 
defined as the speed at X-max (in log E units multiplied by 100) minus the intrinsic speed of the dyed 
emulsion at 400 nm (in log E units multiplied by 100) plus 200. This measurement of speed allows for 
comparison while using a uniform chemical sensitization that is not optimized for each sensitizing dye. 

Black and white stain was measured by processing unexposed film and placing the processed film in 
front of a scanning spectrophotometer. The total transmission was measured between 500 and 900 nm. 
This data was plotted as absorbance (-log 1/T). The stain was calculated as the maximum absorbance at 
any wavelength in the range 400 - 900 nm (Table VII). 

Photographic Evaluation Example 2: Color photographic materials. 

Color photographic materials were prepared by coating a polyester support with a silver halide emulsion 
layer containing chemically-sensitized 0.7 urn (equivalent circular diameter) polymorphic silver bromoiodide 
(6 mole % I) at 16 mg Ag/dm 2 , hardened gelatin at 63 mg/dm 2 , 4-hydroxy-6-methyl-1,3,3a,7-tetraazaindene 
antifoggant at 5 mg/dm 2 , N-[4-[2,4-bis(1,1-dimethylpropyl)phenoxy]butyl]-1-hydroxy-2-naphthalenecarbox- 
amide coupler at 14 mg/dm 2 , di-n-butylphthalate (8 mg/dm 2 ) and sensitizing dye as identified in Table VIII 
at 0.4 mmole/mole Ag. The elements were given a wedge spectral exposure and coatings were processed 
in Kodak C-41® processing. The photographic speed of the dyes is reported in terms of a sensitizing ratio 
(SR) and Xmax was determined from absorptance measurements. 

Color stain was obtained by processing unexposed color coatings for 3.5 minutes at 33 °C in the 
processing solution described below, followed by 1.5 minutes in a bleach-fix solution, and then a 3.5 minute 
wash. Stain was measured by placing the processed film in front of a scanning spectrophotometer. The 
stain was calculated as the maximum absorbance at any wavelength in the range 400 - 900 nm (Table VIII). 
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10 



Processing Solution 


Dt?ll£yi CNlsUMUl 


•\A 0 ml 


Potassium carbonate 


28 g 


45% Potassium sulfite 


2.75 mL 


Triethanolamine 


11 mL 


Hydroxylamine sulfate 


3.2 g 


Potassium bromide 


0.58 g 


Potassium chloride 


0.13 g 


Lithium chloride 


0.13 g 


Anticalcium agent 


0.8 mL 


Water to make 


1.0 L 


pH adjusted to 


10.08 



75 



All the dyes effectively sensitized the silver halide emulsions in which they were used. Comparison 
dyes are shown below. 
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Table V. Comparison Dye Structures 



Zi 



C-l 

C-2 

C-3 
C-4 




N+ 
i 

Ri 



i 

R2 



CI 

F 

=Zl 
=Zi 



3SB,SP 

SP,SP 

3SB, 3S 
B 

SE, SE 
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10 



20 



25 



30 



40 



45 



0 

C-5 " Me C-NH- SP, SP 



C-6 " " Et,SP 

O 

c " 7 Me- C-NH- "21 SP,SP 




C-8 \ f CI SP,SP 



C-9 ^T^j. =Zl SP ' SP 

Me"^ 

is Q 



Zi 



Table V (Cont.) 
N+ 

i i 

Ri R 2 






zi 


Z2 Rl,R2 a 


C-10 


o 


=Zi SP,SP 




N+ 



Ri R2 



Zi Z2 Rl,R2' 



c-n \—/ 01 Sp / SP 

a SE is 2-sulfoethyl, SP is 3-sulf opropyl, 3SB 
is 3-sulfobutyl, 4SB is 4-sulfobutyl . 
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Table VI. Dye Speed in the B&W Format* 



Dye 


Xmax 


SR 


Dye 


Xmax 


SR 


C-l 


547 


250 


C-2 


538 


235 


.1-1 


542 


249 


1-3 


537 


238 


1-2 


541 


243 


1-4 


540 


240 


1-6 


530 


229 


1-9 


542 


229 


1-7 


538 


236 


1-10 


530 


231 


1-8 


546 


242 


1-14 


527 


222 


1-13 


541 


238 


1-18 


542 


241 


1-16 


541 


247 


1-26 


543 


241 


1-20 


541 


237 


1-27 


535 


231 


1-21 


546 


249 


1-33 


537 


242 


1-23 


547 


248 


1-44 


541 


250 


1-24 


545 


245 


1-49 


546 


248 


1-31 


548 


247 


C-4 . 


547 


244 


1-32 


546 


249 


1-5 


539 


236 


1-37 


541 


263 


1-11 


4 92 


232 


1-38 


544 


254 


1-15 


543 


247 


1-43 


550 


255 


1-19 


539 


244 


1-47 


554 


257 


1-22 


495 


231 








1-29 


545 


244 



Table VI (Cont.) 



Dye 


Xmax 


SR 


Dye 


Xmax 


SR 


.1-12 


547 


249 


C-5 


541 


241 


1-17 


542 


242 


C-6 


548 


247 


1-30 


54 6 


257 


C-3 


545 


245 


1-34 


546 


254 


C-9 


520 


128 


1-35 


465 


225 


1-41 


537 


239 


1-36 


54 6 


249 


1-42 


542 


229 








1-50 


559 


253 



*Data are from various coating sets. 
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Table VII 



Dye Stain in the B&W Format* 


Dye 


Xmax 


ODx10 3 


Dye 


Xmax 


ODx10 3 




cno 
bUo 


AQ 

48 


1 A 

1-4 


505 


42 


I- 1 


510 


41 


1 n 

1-9 


508 


46 




CAO 

543 


31 










b lu 


A -i 

41 


1 4 n 

1-10 


508 


50 




CCA 

550 


61 








l-b 


c-i n 


47 


1-14 


505 


44 


1 -7 
I"/ 


508 


51 


1-18 


508 


39 


1 Q 

l-o 


bOo 


50 


1-26 


508 


38 


1 H Q 

l-i O 


bOo 


47 


1-27 


508 


40 


1-1 b 


cno 
508 


00 
32 


1 00 
1-33 


508 


30 




540 


| 42 








i on 


4yo 


27 


1-44 


505 


30 




blU 


OA 








1 01 


bi 0 


b4 


1 Af\ 

1-49 


510 


36 




b4o 


00 
00 








l-^!o 


blU 


41 


1 AO 

l-4b 


C A O 

518 


00 
38 


1 OA 


bUo 


a a 
46 


r* a 
C-4 


505 


32 




550 


41 




540 


17 


1-31 


510 


24 


1-5 


540 


91 




540 


20 




510 


71 


I-32 


510 


47 


1-11 


500 


84 




490 


35 




525 


78 


I-43 


510 


36 


1-15 


485 


30 










510 


36 


I-47 


510 


39 


1-19 


540 


>100 


I-48 


510 


36 


I-22 


490 


50 










510 


45 


C-2 


504 


48 


I-29 


512 


57 I 


I-3 


510 


36 


C-9 


505 


29 



*Data are from various coating sets. 
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Table VIII 



5 


Dye Speed and Stain in the Color Format* 




Sensitization 


SR 


Stain 


Xmax 


Speed 




Xmax 


ODx1 0 3 




C-1 


550 


,197 


233 


510 


37 




I-2 


540 


179 


224 


510 


12 


70 


I-8 


550 


192 


226 


510 


13 




1-16 


550 


199 


220 


510 


10 




1-24 


540 


180 


214 


510 


3 




I-32 


550 


193 


227 


510 


7 




I-37 


540 


188 


228 


505 


12 


15 


C-8# 


550 




226 


512 


38 




l-43# 


550 




238 


510 


22 




l-47# 


560 




I 225 


512 


35 












560 


19 




C-2 


540 


188 


223 


508 


19 


20 


I-3 


540 


192 


218 


510 


5 




1-14 


540 


176 


209 


508 


8 




I-26 


540 


185 


212 


510 


2 




l-44# 


540 




224 


510 


13 




l-49# 


550 




221 


510 


15 


25 


C-4 


550 


197 


240 


512 


50 












545 


17 




I-29 


550 


194 


223 


515 


4 




C-3 


550 


186 


233 


512 


46 












550 


105 


30 


I-8 


540 


191 


219 


510 


44 












545 


89 




1-15 


540 


157 


211 


510 


9 




l-50# 


560 




240 


550 


>100 




C-10 


630 


142 


189 


582 


65 


35 


I-39 


550 


114 


151 


580 


18 




C-11 


470 


186 


223 


465 


68 | 




I-35 


470 


191 


219 


465 


34 




C-7 






204 




0 




C-5 


550 


190 


221 


512 


24 


40 


C-6 


550 




223 


512 
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'Data are from two coatings sets; the dyes marked with # were in one set, the 
remaining dyes were in the other set. 



45 The data presented in Tables IV - VIII indicate that the dyes used according to the invention provided 
effective spectral sensitization and gave significantly lower post-processing stain than the comparison dyes, 
particularly in the color format. Comparison dyes with hydrophilic substituents, which did not contain an 
aromatic group (for example, Dye C-7) or had an aromatic group with a substituents (for example, Dye C-9), 
are low in stain but gave poor sensitization. 

50 

Claims 

1. A silver halide photographic element comprising a sensitizing dye of the formula: 

55 
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wi "*r 



(L=L) n _ 1 -L=C- (L2=L2) q -N-R 2 



wherein: 

Xi and X2 each independently represents the atoms necessary to complete a 5- or 6-membered 
heterocyclic nucleus, wherein X1 may be further substituted and X2 may be substituted or unsub- 
stituted; 

n Is a positive integer from 1 to 4; 

p and q each independently represents 0 or I, 

each L and 12 independently represents a substituted or unsubstituted methine group, 

R1 and R2 each independently represents substituted or unsubstituted aryl or substituted or 

unsubstituted aliphatic groups; 

Z1 represents Ar1-(L1)m, where Ar1 is a substituted or unsubstituted aromatic group, L1 is a linking 

group, m is 0 or 1, and the LOGP(A) of a molecule having a structure A corresponding to a portion of 

the dye 




\ 

(L2-L2) p =C- 




<L2-L2) P =C-H 



is no more than 90% of LOGP(A'), where A' is the same as A except Z1 is replaced with unsubstituted 
phenyl, provided that L1 is not -CO- when X1 or X2 is S or Se; and 

W1 is a counterion as needed to balance the charge of the molecule. 

A silver halide photographic element according to claim 1 wherein the sensitizing dye is of the formula: 




wherein: 

X1 and X2 independently represent the atoms necessary to complete a benzothiazole nucleus, 
benzoxazole nucleus, benzoselenazole nucleus, benzotellurazole nucleus, quinoline nucleus, or ben- 
zimidazole nucleus in which X1 may be further substituted and X2 may be subsituted or unsubstituted; 

n is a positive integer from 1 to 4, 

each L independently represents a substituted or unsubstituted methine group, 

R1 and R 2 each independently represents substituted or unsubstituted aryl or substituted or 

unsubstituted aliphatic group, at least one of R1 or R 2 having an acidic substituent; 

Z1 represents Ar1-(Lt)m, where Ar1 is a substituted or unsubstituted aromatic group, L1 is a linking 

group, m is 0 or 1, and the LOGP(A) of a molecule having a structure A corresponding to a portion of 
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the dye 



structure A 




is no more than 90% of LOGP(A'), where A' is the same as A except 2^ is replaced with unsubstituted 
phenyl, provided that L1 is not -CO- if Xi or X2 is S or Se; and 

W1 is a counterion as needed to balance the charge of the molecule. 

3. A silver halide photographic element according to claim t wherein the sensitizing dye is of the formula: 




wherein: 

Q1 and Q2 independently represent 0, N, or S; 
n is a positive integer from 1 to 4; 

each L independently represents a substituted or unsubstituted methine group; 

R1 and R 2 each independently represents a substituted or unsubstituted aryl or substituted or 
unsubstituted aliphatic group; 

Z1 represents Ar1-(L1)m, where Ar1 is a substituted or unsubstituted aromatic group, L1 is a linking 
group, m is 0 or 1, and the LOGP(A) of a molecule having a structure A corresponding to a portion of 
the dye 



structure A 




is no more than 90% of LOGP(A'), where A' is the same as A except Z1 is replaced with unsubstituted 
phenyl, provided that L1 is not -CO- if X1 or X2 is S or Se; and 

the benzene rings are optionally further substituted with non-aromatic substituents; 

W2 is a counterion as needed to balance the charge of the molecule. 

4. A silver halide photographic element according to claim 1 wherein the sensitizing dye is of the formula: 
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wherein R 5 is H or a substituted or unsubstituted lower alkyl and Z2 is H or a non-aromatic substituent. 

5. A silver halide photographic element according to any of claims 1 to 4, additionally comprising a 
dispersion of a water-immiscible solvent into which the sensitizing dye can migrate. 

6. A silver halide photographic element according to any of claims 1 to 4, wherein any further substituent 
on Xi and any substituent on X2 are non-aromatic. 

7. A silver halide photographic element according to any of claims 1 to 4 wherein the LOGP(A) is no more 
than 70% LOGP(A') and L1, when present, has a chain of atoms linking Ar1 with X1 which chain is no 
longer than 2 atoms. 

a A silver halide photographic element according to any of claims 1 to 4 wherein when m=0 then Z1 
does not have any substituent in the a position to the point of attachment of Zi to Xi . 

9. A silver halide photographic element according to any of claims 1 to 4 wherein: 

[LOGP(A') - LOGP(A)] + [LOGP(B') - CLOGP(B)] ^ -0.55 

in which LOGP(B) is the LOGP of a molecule having a structure B corresponding to a portion of the 
dye: 

structure B 



/ 

H-P= (L2-L2) q =N 

and B' is the same as B except X2 is unsubstituted. 

10. A photographic element according to any one of claims 1 to 4 wherein both of Ri and R 2 are 
substituted with an acid or acid salt group. 

11- A dye of the formula: 



Wl ^ \ 



R 1 -l! + =(L2-L2) p-C- (L-L) ^-L-C - < L2 =L2 ) q ~N-R 2 



wherein: 

Xi and X2 each independently represents the atoms necessary to complete a 5- or 6-membered 
heterocyclic nucleus, wherein X1 may be further substituted and X2 may be substituted or unsub- 
stituted; 

n is a positive integer from 1 to 4; 

p and q each independently represents 0 or I, 

each L and L2 independently represents a substituted or unsubstituted methine group, 
R1 and R2 each independently represents substituted or unsubstituted aryl or substituted or 
unsubstituted aliphatic groups; 

Z1 represents Ar1-(L1)m, where Ar1 is a substituted or unsubstituted aromatic group, L1 is a linking 
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group, m is 0 or 1, and the LOGP(A) of a molecule having a structure A corresponding to a portion of 
the dye 



is no more than 90% of LOGP(A'), where A' is the same as A except Zi is replaced with unsubstituted 
phenyl, provided that L1 is not -CO- when Xi or X2 is S or Se; and 

W1 is a counterion as needed to balance the charge of the molecule. 

12. A method of screening a silver halide sensitizing dye having the formula: 



wherein: 

X1 and Xa each independently represents the atoms necessary to complete a 5- or 6-membered 
heterocyclic nucleus, wherein X1 may be further substituted and X2 may be substituted or unsub- 
stituted; 

n is a positive integer from 1 to 4; 

p and q each independently represents 0 or I, 

each L independently represents a substituted or unsubstituted methine group, 

Ri and R 2 each independently represents substituted or unsubstituted aryl or substituted or 
unsubstituted aliphatic groups; 

Z1 represents Ar1-(L1)m, where Ar1 is a substituted or unsubstituted aromatic group, L1 is a linking 
group, m is 0 or 1; and 

W1 is a counterion as needed to balance the charge of the molecule; 

the method comprising evaluating LOGP(A) of a molecule having structure A corresponding to a 
portion of the dye; 



structure A 




R 




\ 



\ 

N-R 2 



structure A 
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then testing the stain produced by the dye in a photographic environment only if the LOGP(A) is 
less than LOGP(A , ) J where A' is the same as A except Zi is replaced with unsubstituted phenyl. 
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